A dispersion-managed optical system with step-wise periodical variation of dispersion is studied in a strong dispersion map limit in the framework of path-averaged Gabitov-Turitsyn equation. The soliton solution is obtained by iterating the pathaveraged equation analytically and numerically. An efficient numerical algorithm for obtaining of DM soliton shape is developed. The envelope of soliton oscillating tails is found to decay exponentially in time while the oscillations are described by a quadratic law.
Schrödinger equation (NLS) with periodically varying dispersion d(z):
where u is the envelope of optical pulse, z is the propagation distance and all quantities are made dimensionless. Consider a two-step periodic dispersion map: d(z) = d +d(z),
is a dispersion map period, d is the path-averaged dispersion, d 1 , d 2 are the amplitudes of dispersion variation subjected to condition d 1 L 1 + d 2 L 2 ≡ 0 and n is an arbitrary integer number.
A nonlinearity can be treated as a small perturbation on a scales of dispersion map period L provided a characteristic nonlinear length Z nl of the pulse is large:
where Z nl = 1/|p| 2 and p is a typical pulse amplitude. Then the eq. (1) is reduced to a path-averaged Gabitov-Turitsyn 4 model:
where
Gabitov-Turitsyn model is well supported by numerical simulations 8, 9 .
Consider DM soliton solution ψ = A(t)e iλz (A is real) of the Gabitov-Turitsyn Eq. (2) then returning to t-space one gets:
where Ci(x) = x ∞ cos x/xdx. It was found numerically 3 that the Gaussian ansatz
where p, β are real constants, is a rather good approximation for the DM soliton solution.
Thus the Eq. (5) can be effectively used as zero approximation for solving Eq. (4) by iterations which was done in Ref. 10 for d = 0. Following 10 one can easily make a generalization for the case of small but nonzero average dispersion |d 0 | ≪ |d 1 | and obtain a set of two transcendental Eqs. from the series expansion of a first iteration in powers of t 2 :
where c.c. means complex conjugation. The Eqs. (6) determine the parameters β, p of the Gaussian ansatz (5) as a functions of system parameters λ, s.
The solution of Eq. (4) was also obtained by means of iterating this Eq. numerically.
n + 1th iteration A (n+1) is given by:
where the functional R(Â, ω) is defined in (3), Q n is a stabilizing factor given by
andF −1 is a Backward Fourier transform. This numerical iteration scheme was also used in
Ref.
11 except that a Petviashvili stabilizing factor 12 was used there instead of Q n . But both stabilizing factors results in the convergence of iteration scheme to the same solution of (4).
The main obstacle in numerical iteration scheme (6), (7) is the computation of integral term R(Â, ω) which generally require N 3 operations for each iteration, where N is a number of grid points in ω or t-space. Here we introduce much more efficient numerical algorithm for calculation of R(Â, ω).
Rewriting the kernel of R(ψ, ω) via parametric integral:
and using definition of △ one gets from (3) :
In t-space this expression takes the form
is an integral operator corresponding to a multi-
It follows from the Eqs. (9), (10) that numerical procedure for calculation of R(Â, ω) includes four steps: Note that the proposed efficient numerical algorithm can be generalized to include optical fiber losses and amplifiers. Ref. 13 . In addition it was proved in Ref.
14 that even if DM soliton exists for d < 0 it can not realize a minimum of the Hamiltonian of the Eq. (2) 
where a 0 , b are constants and f (t)/|t|, a(t) are slow functions of t. An analysis of fast oscillations in integral term of the Eq. (4) allows to show that f (t) = c|t|+O(1), a 0 = 1/2s, a(t) = E-mail address: lushnikov@cnls.lanl.gov 
